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Appendix C
Design of Seepage Berms

C-1. General

This appendix presents design factors, equations, criteria, and examples of designing landside seepage berms.
A discussion of the four mgjor types of landside seepage berms is presented in the main text of this manual.
The design equations presented are taken from U.S. Army Engineer Waterways Experiment Station
TM 3-424 and EM 1110-2-1901 (Appendix A). Design procedures are taken from TM 3-424 and from
procedures developed by the Lower Mississippi Valey Divison (Appendix A).

C-2. Design Factors

a. Seepage records, if available, should be studied to determine the severity of the underseepage
conditions during high water. A projection based upon these records of underseepage during high water to
the design flood should be made based on experience and judgment. Aerial photographs and borings should
be used to evauate geologic and soil conditions. The location of drainage ditches and borrow pits should
be noted and considered in design. Additional borings should be made where required to determine in situ
soil and geologica data needed for design.

b. Thedigtance sfrom the landside toe of the levee to the point of effective seepage entry is equa to the
base width of the levee L, plus the effective length of blanket x, on the riverside of the levee. The effective
length of blanket x, can be determined by using blanket equations presented in Appendix B. The effect of
riverside borrow pits or natural low areas such as oxbows, must be considered in determining x,. The
effective length of blanket x, should be the lesser of the distance based on the blanket thickness outside the
riversde borrow pit and the distance based on the blanket thickness inside the riverside borrow pit plus the
distance from the riverside toe of the levee to the borrow pit. The blanket equations assume an infinite
blanket length. However, this assumption may not be valid if the river is close to the levee. If the computed
value of x, is greater than L, (distance from riverside toe of levee to the river), then x, should equa L, .
Distances to effective sources of seepage, effective lengths of riverside blankets, and vertical permesbilities
of riversde blanket materials at different Stesaong the Mississippi River at the crest of the 1950 high water
period aregiven in Table C-1. The values of x, are observed values adjusted to an assumed condition of a
riverside blanket of infinite length with the same thickness as that of the borrow pit. The adjustment was
made by use of blanket equations presented in Appendix B to partially eliminate the effect of different top
strata riverward of the borrow pits and different distances between the levee and river at various sites.

c. Thethicknessd and permeability k; of the pervious materials between the bottom of the blanket and
the entrenched valley must be determined before designing a seepage berm. In Appendix B, paragraph B-4c,
methods are described for determining d and k;.

d. Thepermeshility k, and effective thickness z, of the landside blanket must be determined before the
seepage exit length x5 can be computed. I the blanket is composed of more than one stratum and the vertical
permesbility of each stratum is known, the thickness of each stratum of the blanket can be transformed into
an equivaent thickness of material having the same permeability as for one of the strata. A procedure and
example for transforming the actual thickness of a stratified blanket into an effective thickness z,, with a
uniform vertica permeability is described in Appendix B, paragraph B-4b(2). The critical thickness of the
landside top stratum z, that should be used to determine if uplift pressure is within safe limits may or may
not be equd to z, for dratified layers. The procedure and examples for computing z for different conditions
of soil stratification are also presented in Appendix B, paragraph B-4b(2).
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e. The seepage exit length x; can be calculated from equations presented in Appendix B,

paragraph B-4g. These equations are applicable to conditions where the length of the landside blanket L,
is either infinite or finite.

C-3. Design Equations and Criteria

a. Design equations. Equations for the design of landside seepage berms for the four major berm types
are presented in Figure C-1. These equations are valid when a landside blanket of infinite length exists. A
discussion of the four major landside seepage berms is presented in paragraph 5-4.
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Figure C-1. Design of landside seepage berms on impervious top stratum

b. Design criteria

(1) Where a levee overlies a top stratum creating a landside blanket and the upward gradient through the
blanket at the landside toe of the levee is greater than 0.8, a seepage berm should be designed with an
allowable upward gradient of 0.3 through the blanket and berm at the landside toe of the levee. For a
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saturated unit soil weight of 1840 kg/m? (115 pcf), thisis equivalent to a factor of safety of 2.8. The factor
of safety of 2.8 gpplies only to new construction, not to existing projects. A factor of safety lower than 2.8
may be used, based on sufficient soil data and past performancein the area. The berm width should be based
on an allowable upward gradient of 0.8 through the top stratum at the landside toe of the berm, subject to
the limitations in the paragraphs which follow. The thickness of the berm should be increased 25 percent
to allow for shrinkage, foundation settlements and variations in design factors. Where field observations
during lesser floods indicate severe seepage problems would occur at the design flood, the berm dimensions
should be extended.

(2) All berms should have minimum thickness of 1.52 m (5 ft) at the levee toe, a minimum thickness of
0.61 m (2 ft) at the berm crown, and a minimum width of 45.7 m (150 ft).

(3) For conditions where the computed upward gradient at the landside toe of the levee is between 0.5
and 0.8 without a berm, a berm with minimum dimensions as specified in (2) above should be constructed.
Also for conditions where the computed gradient is less than 0.5, but either severe seepage has been observed
or seepage is expected to become severe and soften the landside portion of the levee, the minimum berm
should be constructed.

(4) Thewidth of the berm isusudly limited to about 91.4 to 121.9 m (300 to 400 ft), although the design
caculations may indicate that agreater berm width is required. When the selected width of the bermisless
than the calculated width, using berm design equations of Figure C-1, the head h,” and berm thicknesst at
the levee toe will be less than for the computed width. For the selected berm, h,’” should be recomputed
assuming an i, of 0.8 at the toe of the new berm and alinear piezometric grade line between the toe of the
new berm and the point of effective seepage entry. The design thickness of the selected berm at the toe of
the levee and the estimated seepage flow under the levee will be based on the value of h," corresponding to
the selected berm.

(5) For conditions where no landside blanket exists, the necessity for alandside seepage berm will be
basad on the exit gradient and seepage vel ocity as discussed in paragraph B-5b. The berm thickness at the
landside toe should be of such magnitude that the upward gradient i, does not exceed 0.3. The design
thickness of the berm should be increased by 25 percent to alow for shrinkage, foundation settlements, and
vaiaionsin desgn factors. The head h,” beneath the berm at the landside toe of the levee can be determined
from Equation C-1.

H(X + 0.43 D)
x, +L, + X + 043D

h' =

0

(C-1)

In the above equation D is the transformed thickness of the pervious stratum which isequal to  d,/k, /K,

L, isthe base width of thelevee, H isthe total net head on levee, X isthe berm width, and x, , is the effective
length of impervious blanket riverside of the levee. If no riverside blanket exists, the value of x, is assumed
to be 0.43 D. The rate of seepage Q, below the levee per unit length of levee can be determined using
Equation C-2.

0 k, Hd
= = C-2
 ox, +L,+X+043D (©2)
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In the equation above, k; is the permeability of the pervious substratum and d is the effective thickness of
the pervious substratum. H, x; , L, , X , and D are as previousdy defined. If Q, exceeds 757.1 (/min
(200 gal/min) per 30.5 m (100 ft) of levee, ariverside blanket should be designed to reduce the seepage.
Riverside blankets are discussed in paragraph 5-3.

(6) The dope of berms should be generally 1V on 50H or steeper to ensure drainage. If the berm is
congructed after the levee has caused the foundation to consolidate fully, a Slope of 1V on 75H can be used.
Where wide, thick berms are required, consideration may be given to using a berm with a broken surface
dope to more closdly smulate the theoreticd thickness and consequently reduce the cost of the berm. Where
thisis done, the steeper riverward slope of the berm should be no flatter than 1V on 75H and the landward
slope of the berm should be no flatter than 1V on 100H.

(7) In short reaches where computations indicate no berm is necessary, but berms are required in adjacent
reaches, it may be advisable to continue the berm construction through such reaches due to concentration of
seepage in these areas. Also, in areas where entrance conditions in adjacent reaches are highly variable,
potential adverse effects of close entry in adjacent reaches should be taken in to consideration.

C-4. Design Example
An example design prablem with solution is presented in Table C-2 illustrating the design of impervious,
semipervious, sand, and free draining lands de seepage berms overlaying athin landside top stratum. Each

berm isdesigned for the same conditions using the design equations and design criteria as presented in this
appendix.
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